The aim of this study was to assess the effect of standardized ileal digestible (SID) Lys levels of the diet on the growth performance, carcass characteristics, and meat quality of entire males (EM), surgical castrates (SC), and males vaccinated with a gonadotropin-releasing hormone (GnRH) vaccine (GV). In total, 252 crossbred pigs were fed 6 different experimental diets consisting of 3 sexes (EM, SC, and GV pigs) and 2 dietary SID Lys levels (2008 CVB standard SID Lys recommendation [Std] or 15% extra SID Lys [+15]) according to a 3-phase feeding scheme (d 0 to 35, 35 to 70, and 70 to 105 of experiment) with 6 pens per treatment and 6 pigs per pen. To determine if dietary SID Lys could be reduced for GV males after the second vaccination, an additional dietary treatment was included (GV+15-Std). The GV males on the GV+15-Std were fed the diet with 15% extra SID Lys in the starter and grower phases and the standard SID Lys level in the finisher phase. First vaccination was administered to pigs at the start of the experiment (23.4 kg BW and 63.6 d of age), and the second vaccination occurred 6 wk before slaughter (77.2 kg BW and 126.6 d of age). Until the second vaccination, GV pigs showed a lower (P ≤ 0.05) ADFI than SC but similar to EM. After the second vaccination, GV pigs had an intermediate (P ≤ 0.05) G:F between EM and SC. The GV+15 pigs showed a better G:F (P ≤ 0.05) than GV pigs fed the GV+15-Std diet in the finisher phase. No differences in the growth rate of the pigs were observed. The SC had a greater (P ≤ 0.05) carcass weight and dressing percentage than EM and GV pigs. The GV-Std pigs had a lower (P ≤ 0.05) meat percentage and greater (P ≤ 0.05) backfat thickness than the GV+15 pigs. The GV pigs and SC fed the standard SID Lys diet had a greater (P ≤ 0.05) percentage of SFA in the subcutaneous fat than EM+15 pigs. On the other hand, SC showed the greatest (P ≤ 0.05) concentration of MUFA compared to EM and GV pigs. The SC and GV pigs had a lower (P ≤ 0.05) PUFA percentage in the subcutaneous fat than EM fed the standard SID Lys diet.
INTRODUCTION
Castration of pigs has been debated for many years. Although castration without anesthesia is allowed until 7 d of piglet's life in Europe, the aim of the European Commission (2001) is to abandon castration by January 1, 2018. This decision has motivated producers to find alternatives to surgical castration of males. Finishing entire male (EM) pigs and vaccinating males with a gonadotropin-releasing hormone (GnRH) vaccine (GV) offer a possible alternative to surgical castration. Entire males are more efficient in feed utilization and deposit less fat in the carcass than barrows (Campbell and Taverner, 1988) . The disadvantages of raising EM have been associated with a greater risk of boar taint and aggressive behavior (Babol and Squires, 1995) .
On the other hand, vaccinating EM with the GnRH vaccine (Improvac; Zoetis Animal Health B.V., Capelle aan den IJssel, the Netherlands), an active immunization against GnRH, may allow the benefits of raising EM without the disadvantages. Different studies conducted with GV had shown improved feed efficiency and leaner carcasses than surgical castrates (SC; Pauly et al., 2009; Batorek et al., 2012a) . Also, skatole and androstenone concentrations were lower in GV pigs than EM. When compared to the growth performance of EM, GV pigs were less efficient in feed utilization and had a reduced leanness of the carcass (Pauly et al., 2009) . Schmidt et al. (2011) have shown that after the second vaccination, feed intake and ADG in GV pigs increased compared to EM. Most of the studies, where EM, SC, and GV pigs have been compared, agreed that GV pigs behave like EM until the second vaccination (Zeng et al., 2002; Pauly et al., 2008; Morales et al., 2011; Andersson et al., 2012) . Therefore, it seems logical that at least until the second vaccination, GV pigs should be fed like EM. However, the main point of discussion is related to the diet (especially the standardized ileal digestible [SID] Lys levels) that GV pigs should be fed after the second vaccination.
The objective of this study was to evaluate the influence of SID Lys levels of the diets (standard, according to CVB's [2008] recommendation, or extra 15% SID Lys) on the growth performance and carcass and meat quality characteristics of EM, SC, and GV pigs during the grower-finisher periods (approximately 23 to 120 kg BW).
MATERIALS AND METHODS
The experimental protocol used in this study was approved by the ethics committee of Schothorst Feed Research (Lelystad, the Netherlands). The treatment, management, housing, and husbandry conditions were conformed to European Union Guidelines.
Husbandry, Diets, and Experimental Design
In total, 252 crossbred pigs (Talent [TOPIGS, Helvoirt, the Netherlands] × [Great Yorkshire × Finnish Landrace]) were randomly divided in 7 different experimental treatments with sex (EM, SC, and GV pigs) and dietary SID Lys levels (standard SID Lys according to CVB's [2008] recommendations [Std] or 15% extra SID Lys [+15]) as factors. Of these 252 pigs, 72 were surgically castrated within 7 d after birth, 72 were EM, and 108 were GV pigs. The GV pigs were vaccinated twice with a GnRH vaccine (Improvac; Zoetis Animal Health B.V.). The first vaccination was administered when pigs entered the experiment, and the second vaccination occurred 6 wk before slaughter (approximately at d 62 of the experiment). At the beginning of the experiment, pigs (23.4 ± 1.6 kg and 63.6 ± 4.2 d old) were blocked based on litter and BW and were randomly allocated to the treatments. Each experimental treatment comprised 6 replicates with 6 pigs per pen.
Pigs had access to diets ad libitum according to a 3-phase feeding program, with the transition from starter to grower and grower to finisher diets at an average of 50 and 85 kg BW and 35 and 70 d of the experiment, respectively. The EM, SC, and GV pigs were fed either the Std or +15 diet during the 3 grower periods. In addition, GV pigs were fed +15 diet during the first 2 periods and the Std diet during the third period (GV +15-Std). In total, 2 of the treatments were assigned to EM, 2 to SC, and 3 to GV pigs (Table 1) .
The same feeding program was used for all pigs, and the diets (Table 2 ) were formulated to meet or exceed the nutrient requirements of growing-finishing pigs according to CVB (2008) . In the diets with +15, 15% extra SID Lys was included above CVB's (2008) recommendations. Because the same AA profile was maintained in all the diets, increasing the SID Lys 15% also resulted in a greater content of the other indispensable AA that were added in the diet in relation to the SID Lys content. The feed was offered as dry feed in a wet and dry feeder. The pigs had free access to drinking water from a nipple drinker. All experimental diets were analyzed for contents of moisture, ash, crude fat, and CP according to AOAC (1990) .
Growth Performance and Carcass and Meat Quality Measurements
Individual BW and feed consumption per pen were recorded at d 0 to 35, 35 to 70, and 70 to 105 of experiment. The data were used to calculate ADG, ADFI, and G:F per replicate pen by period and overall. Backfat thickness was measured at d 70 and 105 of experiment using an ultrasound instrument (Renco Lean Meater; Renco Corp., Minneapolis, MN), and the average of 2 μLtrasonic measurements taken on each side of the spinal column and 5 cm from the middorsal line at the position of the last rib were recorded.
All pigs were slaughtered at the same age (168 d of age and 105 d on the experiment) with an average BW of 121.7 ± 5.8 kg. Pigs were fasted 12 h before transport to the slaughterhouse, and the different treatment groups were not mixed during the transport. From each pen, 2 pigs were randomly selected to analyze meat quality characteristics. On the day of slaughter, pigs were weighed and transported 50 km to a commercial abattoir and slaughtered according to standard procedures (14 h rest period with full access to water but not to feed, and using CO 2 stunning). At slaughter, warm carcass weight was determined. Meat percentage, backfat, and muscle thickness were measured using a probe (Hennessy Grading Probe; Walstra, 1987) . This method at the time of this study was routinely used in Dutch slaughterhouses to classify pig carcasses.
Carcass measurements were done according to the procedure described by Gispert et al. (2010) . Briefly, at approximately 24 h postmortem, pork loins from 2 pigs per pen were cut at the mark between the 10th and 11th ribs, and the pH, meat color, drip loss, and fatty acid (FA) composition in subcutaneous fat in consecutive pieces of the LM were measured. The pH was determined in duplicate 3 Provided Lys, Met, Thr, and Trp to equalize the dietary contents.
4 Provided 500 phytase unit phytase/kg. 6 Supplied per kilogram of feed: 2500 IU of vitamin A, 500 IU of vitamin D 3 , and 5 IU of vitamin E (Mervit AD3E; PreMervo, Utrecht, the Netherlands).
using a portable pH meter (SG2, SevenGo; Mettler-Toledo B.V., the Netherlands) equipped with a glass electrode. Meat color was measured by using a hunter spectrocolormeter (Micro Color Data-station; Dr. Bruno Lange GmbH, Dusseldorf, Germany), according to the method described by Smith and Brekke (1975) . The "L*" values indicated the degree of lightness or brightness (0 = black; 100 = white), the "a*" measured redness (+60 = positive) or greenness (−60 = negative), and the "b*" measured yellowness (+60 = positive) or blueness (−60 = negative). During measurements, readings were done from 4 different areas on the loin slice surface, and mean results were recorded. For drip loss measurements, a slice of 1.5 cm LM was weighed and suspended for 48 h in a plastic bag maintained at 4°C following the recommendations of Honikel (1987) . Drip loss was then determined as the difference between the initial and final weights. Last, the FA composition in the subcutaneous fat was analyzed by gas chromatography with a flame ionization detector (Varian 450-GC Gas Chromatograph; Varian Associates Inc., Palo Alto, CA) and a GC capillary column, 100 m × 0.25 mm diameter, and 0.25 μm film thickness (Cat # CP7420 Varian; Varian Associates Inc., Palo Alto, CA) following the method described in ISO 17764-2. The preparation and analysis of the FA methyl esters were performed according to the ISO 17764-1 method (ISO, 2002).
Statistical Analyses
Data were analyzed by ANOVA using GenStat for windows (GenStat, 2008) . Each treatment was replicated 6 times, and the experimental unit was the pen with 6 pigs for growth performance and carcass characteristics and the pen with 2 pigs for meat quality trait determinations. Least squares means were computed for all traits, and treatment means were separated using the Tukey test. Initial BW and pen for growth performance data and final BW for carcass characteristics were included as covariates (whenever significant) in the model. The α level used for the determination of significance for all the analyses was 0.05, and P-values between 0.05 and 0.10 were considered as a tendency.
RESULTS AND DISCUSSION

Growth Performance and Backfat Measurements
Performance results are exposed in Table 3 . During the starter phase, ADFI of SC (Std and +15) was greater (P = 0.001) than the other experimental treatments. The ADG of SC (Std and +15) was similar to ADG of EM+15 and GV+15 pigs but greater (P ≤ 0.05) than pigs on the other experimental treatments. The GV+15 pigs showed the greatest (P ≤ 0.05) G:F, similar to EM+15. a-e Different superscripts in the same row denote a difference (P ≤ 0.05). n = 6.
1 Std = standard SID Lys recommendations in the Netherlands (CVB, 2008), and +15 = 15% greater SID Lys. GV = males vaccinated with a GNRH vaccine (Improvac; Zoetis Animal Health B.V., Capelle aan den IJssel, the Netherlands).
2 15% greater SID Lys only during the starter and grower phases.
The SC (Std and +15), EM-Std, and GV-Std pigs had the lowest G:F. The GV+15 pigs had similar G:F to EM+15. In the grower phase, the same differences (P ≤ 0.05) in ADFI as in the starter phase were observed. The SCStd pigs had greater (P ≤ 0.05) ADG than EM (Std and +15) and GV pigs. The SC+15 pigs had similar ADG to EM+15 and GV-15 pigs. The EM-Std, GV-std, and GV+15-Std pigs had the lowest ADG. Greater (P ≤ 0.05) ADFI of SC (Std and +15) resulted in a lower (P ≤ 0.05) G:F compared to the other experimental treatments. The EM-std and GV-std showed intermediate results similar to EM+15. The GV+15 and GV+15-Std showed the greatest G:F, but it was not different from the EM+15.
During the finisher phase, ADFI of the SC-Std and GV pigs (Std, +15, and +15-Std) was greater (P ≤ 0.05) than that of EM (Std and +15) and SC+15. The ADG of GV pigs (Std, +15, and +15-std) and EM-Std was greater (P ≤ 0.05) than the ADG of SC (Std and +15). The EM+15 had a greater (P ≤ 0.05) ADG than SC+15. The EM (Std and +15) had the greatest (P ≤ 0.051) G:F, followed by GV (Std, +15, and +15-Std) and SC (Std and +15). Morales et al. (2011) also observed that SC had the greatest ADG during the starter and grower phases compared to the other treatments because of the greatest ADFI. However, in the finisher phase, the ADG of GV pigs was greater than the SC. The authors attributed the extra growth observed in GV pigs to a compensatory response. The reduced growth that occurred after the first vaccination was compensated after the second vaccination.
Overall, ADFI of SC-Std was greater (P ≤ 0.05) than pigs on other experimental treatments. The ADFI of SC+15 was comparable to GV-Std and GV+15-Std pigs but was greater than the EM (Std and +15) and GV+15 pigs. The lowest ADFI was observed in EM (Std and +15) and GV+15 pigs. In the overall period, SC (Std and +15) had the lowest (P ≤ 0.05) G:F. The GV-Std and the GV+15-Std pigs had intermediate G:F between SC and EM. The GV+15 pigs had similar feed efficiency compared with the EM-Std. The greatest G:F was observed with the EM+15. No differences in ADG among experimental treatments were observed for the overall period. Xue et al. (1997) described social stress as a primary factor causing reduced ADG of EM compared to SC. Aggressive behavior increases when group size and pig density increase (Simonsen, 1990) . Most of the experiments, where no differences on ADG between EM and SC were reported, were associated with the social stress in EM because of group housing (Dunshea et al., 2001; D'Souza and Mullan, 2002; Suster et al., 2006) . In this experiment, although the pigs were separated by sex, no problems associated with aggressive behavior were detected.
Results of this study show that GV pigs performed as well as EM during the starter and grower phase. After the second vaccination, the performance of GV pigs was lower than EM but better than SC. These results agreed well with Zeng et al. (2002) , who also observed that GV pigs were more efficient than SC during the overall experimental period. It is known that EM are leaner and have a greater protein deposition than SC, resulting in greater Lys requirements (Van Lunen and Cole, 1996) . As GV pigs perform as well as EM until the second vaccination, the Lys requirements of GV pigs are greater than the SC. Millet et al. (2011) indicated that GV pigs used AA for protein deposition, assuming that the AA content of the diet is not limiting. When the maximal protein deposition is reached, GV pigs increased their fat deposition and fat content. In the present study, backfat (Table 3) of SC (Std and +15) was greater (P ≤ 0.05) than the other experimental treatments on d 70. On d 105, backfat of SC-Std was greater (P ≤ 0.05) than backfat of EM (Std and +15) and GV (Std, +15, and +15-Std). Backfat of SC+15 was similar to the backfat of SC-Std and GV-Std but greater (P ≤ 0.05) than the backfat of the other experimental treatments.
Carcass Characteristics and Meat Quality Traits
Results on carcass characteristics and meat quality traits are presented in Table 4 . Carcass weight and dressing percentage of SC (Std and +15) were greater (P ≤ 0.05) than EM (Std and +15) and GV (Std, +15, and +15-std). Similar differences were reported by Bonneau et al. (1994) and Gispert et al. (2010) .
The EM+15 had greater (P ≤ 0.05) meat percentage compared to SC (Std and +15) and GV-Std pigs. Meat percentages of SC-Std and GV-Std pigs were lower than EM (Std and +15), GV+15 pigs, and GV+15-Std pig. The greatest (P ≤ 0.05) backfat thickness was observed in SC-Std and GV-Std pigs, and the lowest (P ≤ 0.05) backfat thickness was observed in EM (Std and +15), even though it was similar to that observed in GC+15 and GC+15-Std pigs. Backfat of SC+15 was greater (P ≤ 0.05) than backfat of EM (Std and +15). The SC+15 had greater (P ≤ 0.05) muscle thickness compared to EM (Std and +15) and GV-Std and GV+15 pigs. On the other hand, GV+15-Std pigs had similar muscle thickness to the SC (Std and +15) and GV+15 pigs.
Therefore, in GV pigs, increasing the dietary SID Lys level by 15% in all the phases or only in the starter and the grower phases resulted in 2.6% and 3.2%, respectively, greater meat percentage compared with the GV pigs fed the standard SID Lys diet. Millet et al. (2011) stated that the dressing percentage was lower in EM and GV pigs because of testes and other accessory tissues, as well as heavier kidneys, heads, legs, and intestines. Specifically for GV pigs, the lower dressing percentage may be the result of increased gut fill and increased amount of abdominal fat (Gispert et al., 2010; Škrlep et al., 2010) . The opposite results were observed on back-fat thickness, with a 10.8% and 11.2% increase in GV pigs fed the standard SID Lys diet compared to those fed with the extra 15% SID Lys for the whole period or only in the starter and grower phase, respectively. Boler et al. (2011) also found that the lean meat percentage of GV pigs fed the diets with greater Lys was improved compared to GV pigs fed low-Lys diets and SC. The authors indicated that as dietary Lys increased, backfat tended to decrease in GV pigs. The relative amounts of protein and fat in a pig's body determine leanness. Therefore, it is possible to increase leanness by increasing the amount of protein deposited and reduce the amount of fat deposited or both (Pettigrew and Esnaola, 2001) . To prevent fat deposition in SC and GV pigs fed the standard SID Lys diets, Batorek et al. (2012b) suggested to restrict feed offered to the pigs during the finisher phase.
Meat of GV pigs fed with the standard SID Lys diet during only the finisher phase (GV+15-Std) had greater (P ≤ 0.05) lightness color (Minolta L*) than EM+15, GV+15, and SC (Std and +15). The lowest lightness color was observed in the meat of EM+15, and it was lower compared to meat from EM-Std and GV-Std or GV+15-Std pigs. Meat lightness is influenced by different factors such as pH, water retention capacity, humidity, and the fat content of the muscle (Muriel et al., 2002) . Although there are differences on meat lightness between experimental treatments, consumers probably could not distinguish these color differences. Zhu and Brewer (1999) indicated that at least a difference of 2L units between treatments is necessary for consumers to distinguish meat color differences.
The composition of FA in the subcutaneous fat differed among treatments. The greater percentage (P ≤ 0.05) of SFA was observed in fat of SC-Std and GV pigs (Std and +15-Std) compared to others. The lowest percentage of SFA was found in EM+15, but it did not differ from the percentage of SFA observed in EM-Std or the SC+15. The fat of SC (Std and +15) contained the greater (P ≤ 0.05) percentage of MUFA compared to the other treatments. The greatest (P ≤ 0.05) percentages of PUFA were found in EM (Std and +15), but it was similar to PUFA in GV+15 pigs. The EM+15 had the greatest (P ≤ 0.05) total percentage of unsaturated fatty acids (USFA), even though it was similar to EM-Std and SC+15. The lower percentage of total USFA in the subcutaneous fat was found in SC-Std and GV-Std and GV+15-Std pigs. On the Table 4 . Effect of increasing the standardized ileal digestible (SID) Lys levels in the feed of entire males (EM), surgical castrates (SC), and entire males vaccinated with a gonadotropin-releasing hormone (GnRH) other hand, no differences in the total percentage of USFA were observed among EM-Std, SC+15, and GV+15 pigs. Pauly et al. (2009) found that the level of SFA was greater in SC, followed by GV pigs, and lowest in EM, which is in contrast with the results of the present study. In the same study, the authors also reported that the levels of PUFA were greater in EM than in GV pigs and SC, which is in agreement with the results observed in the present study. A lower backfat deposition rate affects lipid composition of the adipose tissue as the degree of unsaturation of the lipids increases (Bee et al., 2002) . Accordingly, GV pigs showed a greater backfat thickness than EM, and the FA were more saturated. At the same time, these findings can be related to the greater ADFI in GV pigs during the finisher phase (Lealiifano et al., 2011) . As a result of greater ADFI, more fat synthesized from starch would be deposited as SFA. Batorek et al. (2012b) reported that the greater intramuscular fat content found in GV pigs, compared to EM, improved the meat quality of the pigs.
No difference in the FA composition in the subcutaneous fat were observed when comparing GV pigs fed the standard SID Lys level (GV-Std), extra 15% SID Lys during the whole experiment (GV+15), or only during the starter and grower phases (GV+15-Std). These results are in agreement with Boler et al. (2011) , who reported no differences among GV pigs fed low, low/medium, or medium/high Lys. Most of the studies (Teye et al., 2006; Wood et al., 2008) reported differences in FA deposition and composition in the subcutaneous fat but also tested between the muscle fibers and used a deficient Lys diet in the finisher phase compared to a standard Lys diet. It is known that the diets deficient in Lys limit muscle deposition, and the energy, which would have been used for muscle synthesis, is diverted to fat synthesis.
In conclusion, pigs vaccinated with GnRH performed as well as EM in the starter and grower phases, and after the second vaccination, GV pigs, although becoming less efficient, performed better than SC. Feeding GV pigs with 15% extra SID Lys in the starter and grower phase increased the meat percentage and reduced the backfat thickness compared to GV pigs fed the standard SID Lys diet during the whole experimental period. However, the FA composition of the pigs was more affected by sex than the SID Lys level of the diet.
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